Materials and Methods

QTL mapping
The QTL analysis was based on a population of 94 recombinant inbred substitution lines (RISLs) derived from a cross between durum wheat cv. Langdon (LDN) and the line DIC-2A, which harbors a copy of chromosome 2A inherited from wild emmer wheat accession FA-15-3 (ISR-A) in the genetic background of LDN (1) . The phenotyping required an experiment, set out as a randomized complete block design with three replicates, and conducted in an insect-proof screen-house at the experimental farm of the Hebrew University of Jerusalem in Rehovot, Israel (34°47′ N, 31°54′ E; 54 m above sea level). The number of spikelets and the number of grains per spike were obtained from a sample of three spikes per plant, and these were used to derive the number of grains per spikelet. The linkage analysis and the construction of the genetic map used the evolutionary strategy algorithm included in the MultiPoint package (http://www.MultiQTL.com), as previously described (2) . QTLs were detected using the general interval mapping function designed for RIL-selfing populations. Boot-strapping (10,000 replicates) was used to estimate standard deviations associated with the locus effect, its chromosomal position, its LOD score and the proportion of the phenotypic variation explained.
Fine mapping of GNI-A1
Three RISLs (RISL #4, #63 and #102), each of which harbored the DIC-2A allele of a marker defining the GNI-A1 interval, were crossed to LDN and the hybrids allowed to self-pollinate to produce three independent F 2 populations. Recombinants within the target genomic region were detected by genotyping a sample of 1,006 F 2 progeny with the two microsatellite markers Xgwm558 and Xcfa2043. In the following (F 3 ) generation, families (eight F 3 individuals per F 2 plant) were genotyped with Xgwm558, Xcfa2043 and Xhbg494, and all homozygous recombinants were subsequently genotyped with 12 additional markers (SI Appendix, Table S4 ), which target sequence polymorphisms between the wild and domesticated emmer wheat genome sequences (3) . The phenotype of 17 F 4 homozygous recombinants was scored in the field. A split-plot, randomized complete block design experiment with five replicates was carried out in an insect-proof screen-house at Rehovot. Each 1 m ×1 m plot was sown with 20 plants of a single line, and the numbers of spikelets and grains per spike (and the derived number of grains per spikelet) were estimated from a sample of five spikes.
The phenotypic effect of the allelic status at GNI-A1 was assessed in three field experiments, one conducted in 2015-16 in Rehovot (13 RISLs plus LDN and DIC-2A), one in Rehovot in 2016-17 and one in Ruhama (31º29' N, 34º42' E, 166m above sea level) (18 BC 1 F 4 lines and LDN).
Transformation of wheat
As the transgene for including RNAi, a 323 bp fragment of GNI-A1 was amplified (primer details given in SI Appendix, Table S4 ), inserted into a pENTR D-TOPO vector (Thermo Fisher Scientific, Waltham, MA USA) and transferred via the LR recombination reaction into pANDA-b vector to allow it to be driven by the maize Ubiquitin1 promoter (4) . Transgenic wheat plants were produced by bombarding immature embryos of spring bread wheat variety Bobwhite S-26 (5) . Transgene-positive plants were confirmed by PCR using vector-specific primers (SI Appendix, Table S4 ).
TILLING
The winter bread wheat cv. Kitahonami was used as the TILLING target, with mutations induced by irradiating mature grains with gamma rays (250 Gy). M 1 plants were grown in a greenhouse and all M 2 grains were harvested. DNA was extracted from the M 2 plants and used as the TILLING template. The primers used to amplify the key fragment of GNI-A1 are given in SI Appendix, Table S4 . The phenotype of selected M 3 families was evaluated in the National Institute of Agrobiological Sciences (NIAS) experimental field in Tsukuba, Japan (36º01' N, 140º06' E).
Yield trials
Mutants of cv. Kitahonami in the M 4 generation were used in yield trials. M 4 seeds were collected from ~10 M 3 plants selected as either homozygous for the 105Y or for the 105N allele. The plants were grown at both the Kitami Agricultural Experiment Station (43º44'N, 143º43'W, Kitami, Hokkaido, Japan) and the Central Agricultural Experiment Station (43º3'N, 141º45'W, Naganuma, Hokkaido, Japan). At the former location, each entry was represented by four 5.4 m 2 plots (sowing density 200 grains/m 2 ), and at the latter by three 4.8 m 2 plots (same sowing density). The fertilizer regime at Kitami was 156 kg/ha N, 175 kg/ha P, 70 kg/ha K, and at Naganuma (respectively 140, 125 and 50 kg/ha).
RNA extraction and qRT-PCR
Immature spikes were developmentally staged by observation under a stereoscopic microscope (6) . Total RNA was extracted using TRIzol (Invitrogen) and quantified using NanoDrop 1000 (Thermo Fisher Scientific). The resulting RNA was treated with RNase-free DNase (Takara Bio) to remove contaminating genomic DNA, and the cDNA first strand synthesized from a 25 ng aliquot of RNA using SuperScript III (Invitrogen). Transcript abundances were obtained by qRT-PCR using a StepOne Real-Time PCR System (Applied Biosystems) and a THUNDERBIRD SYBR qPCR Mix Kit (Toyobo) according to the manufacturers' protocols. The relevant primer sequences are detailed in in SI Appendix , Table S4 . Each of the amplified gene fragments was cloned into pBluescript II KS (+) vector (Stratagene) and the resulting plasmids used to generate standard curves for the purpose of absolute quantification. Each qRT-PCR comprised at least three technical replicates, and each sample was represented by three biological replicates. The Actin gene was used as the reference sequence.
In situ mRNA hybridization
A 300 bp 3ʹ-UTR segment of GNI1 was amplified from cDNA prepared from immature wheat spikes using primers detailed in SI Appendix , Table S4 . The amplicon was inserted into the pBluescript II KS (+) vector. Clones harboring the insert orientated oppositely were linearized by digestion with EcoRI, and treated with T3 RNA polymerase in order to generate both a sense and an antisense probe. The method used for in situ hybridization have been described elsewhere (7) .
RNA-seq
RNA was extracted from immature inflorescences harvested at the white and green anther stages from plants of the cv. Kitahonami M 4 families using the TRIzol (Invitrogen) and treated with DNase I (Roche). The quality of the RNA was evaluated using an Agilent 2100 Bioanalyzer (Agilent Technologies). RNA-seq libraries were prepared using the NEBNext Ultra TM RNA Library Prep Kit for Illumina (New England Biolabs, Inc., Ipswich, MA, USA) and sequenced using a HiSeq 4000 devise (Illumina, Inc., San Diego, CA, USA). Estimates of transcript abundance were based on the number of transcripts per million reads (TPM). TPM was quantified by pseudo-alignment against the representative transcripts of high-confidence and low-confidence genes annotated on the IWGSC RefSeq V1 pseudomolecules (8) using Kallisto version 0.43.1 (9) . Abundance estimates were imported into the R statistical environment (10) . The identification of differential transcription was carried out using Limma-voom (11, 12) . Differentially expressed genes (DEGs) were required to have log 2 fold change ≥ 2 or ≤ -2 between contrasted conditions and an adjusted P-value ≤ 0.05 after Benjamini-Hochberg correction. Enrichment of gene ontology (GO) terms was analyzed with topGO (13) using the GO term assignment of IWGSC, 2018. The transcript data of FT1 obtained from Wheat Expression Browser (http://www.wheat-expression.com; (14, 15) 
Haplotype analysis
The panel of 72 tetraploid wheat accessions used for resequencing a 1,053 bp fragment of GNI-A1 included 35 wild emmer, 14 domesticated emmer and 23 durum (SI Appendix, Table S2 ). The relevant primers are detailed in SI Appendix, Table S4 . Of the 72 entries, 30 were phenotyped with respect to the number of grains set per spikelet. Sequence alignments were performed using ClustalW as implemented in MEGA v7.0 software (16) . A median-joining network (17) Table S3 ) was similarly used for resequencing GNI-A1; their phenotype was recovered from archived data (18) (Dataset S3).
Phylogenetic analysis
A phylogenetic analysis was based on 139 entries, representing 35 Triticeae species (14 genera), with Brachypodium and Bromus used as the outgroup taxa (SI Appendix, Table S5 ). Sequence capture was performed as described elsewhere (19) . For each taxon, a set of overlapping probes was designed to cover each sequence at least four times. The probe sequences are listed in Dataset S4. Sequences were assembled using Geneious v10.0.9 (20) . For the diploid and autotetraploid taxa, reads were mapped simultaneously to barley Vrs1 (AB478778) and HvHox2 (AB490233) using the "Medium-Low Sensitivity" parameter. Only reads for which both sequences of a pair mapped were kept. For heterozygous diploid and allotetraploid entries, the haplotype phasing consisted of mapping, followed by de novo assembly, to obtain two alleles or homoeologs per locus, as previously described (21) . Diploid heterozygous individuals were phased individual-wise. As a control, the two alleles recovered from each individual were used as references for mapping the reads from that individual. For allotetraploid entries, phasing was performed on the individual of a species showing the highest sequence coverage. The retrieved homoeologs were subsequently used as references (KU-8939, PI 428093). To control for potential chimeras the assemblies were manually inspected and their contigs aligned using Mafft v7.308 (22) . For hexaploid wheat, the cv. Chinese Spring alleles of GNI1 and TaHox2 were used as references for read mapping. All assemblies were inspected for misalignments and coverage inconsistencies. Consensus sequences were called using the 'Highest Quality' threshold, and multiple sequence alignment were performed using MAFFT, as implemented in GENEIOUS v10.2.3. The alignment was checked manually and trimmed to the coding sequences. The best-fit model of nucleotide substitution was selected using jModelTest2 (23) . The Bayesian information criterion (24) selected K80 + G out of 24 tested models. Bayesian phylogenetic inferences were calculated using MrBayes v3.2.6 (25) mounted on Cyberinfrastructure for Phylogenetic Research (Cipres) Science Gateway v3.3 (26, 27) . Two parallel Metropolis-coupled Monte Carlo Markov chain analyses with four chains were run for six million generations, sampling trees every 500 generations. Convergence of the runs was assessed applying a standard deviation of split frequencies threshold of 0.01. The continuous parameter values sampled from the chains were checked for mixing using Tracer v1.6 (http://beast.bio.ed.ac.uk/Tracer). A consensus tree was computed in MrBayes following burn-in of the initial 25% of trees. The consensus tree was visualized in Figtree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree), using the node representing the most recent common ancestor of Brachypodium and the Triticeae as the root. 
FT-A1
Traes_7BS_581AA844D.1
FT-B1
Traes_7DS_12C14942B.1 Fig. S9 . The phylogeny of HOX1 and HOX2. The multiple sequence alignment consisted of 361 sequences (1,496 nt) obtained from 51 Triticeae species belonging to 14 genera. Brachypodium and Bromus were used as the outgroup taxa. Support values appearing next to each node are given as a posterior probability when above 0.9. Clades were collapsed into triangles to reflect the main groupings. The area of the triangles reflects the genetic variation contained within the clade. The numbers appearing after the species names indicates the number of alleles present, followed by the number of accessions re-sequenced. Genomic groups are indicated to the right. Red boxes highlight taxa including homologs of both HOX2 and HOX1. The Ae. longissima copy of HOX1 did not cluster into a single clade, instead formed a polytomy with the ancestor of Ae. bicornis, Ae. markgrafii, and Ae. searsii. Table S4 . Primers used in this study. 
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